With the prevalence of Internet technology, many recycling centers have developed a dual-channel reverse supply chain by introducing online recycling channels on the basis of offline third-party recyclers (TPR). In addition, great imbalanced development has been observed in different regions in China, as supported by the literature review. It is necessary to help companies in the supply chain to adjust their pricing strategies according to regional differences. This paper is aimed at answering the following two questions: (1) After introducing online channels, what strategies should the recycling center adopt to adjust online recycling prices and to readjust the transfer price of offline channels? (2) How do recycling centers and TPR in city A & B modify their pricing strategies in accordance with logistics costs or consumers' awareness of sustainability changes in city B? To solve the above questions, models were made to study the pricing strategies of recycling centers and the TPR based on the Stackelberg game in a dual-channel reverse supply chain in two cities. The results indicate that recycling centers will benefit from the increase in consumers' awareness of sustainability and the reduction in logistics costs of the online channel in city B; this is in contrast to the TPR in this city. We also find that the revenue of the TPR in city A will be affected when the above two factors in city B change. Its increase or decrease depends on the selection of pricing strategy by the recycling center.
Introduction
With the rapid development of science and technology, the speed of product updates has increased. In this context, the emissions of waste are gradually increasing, which seriously aggravates environmental problems such as resource shortage and environmental pollution. In fact, many countries have enacted relevant laws and policies to require enterprises to take responsibility for the proper handling of waste products to strengthen sustainable development. For example, as early as 1984, the OECD (Organization for Economic Co-operation and Development) developed EPR (extended producer responsibility) to ensure that products were guaranteed throughout their life cycle, particularly in the abandonment phase. This policy has profoundly affected many countries such as the U.S., South Korea, and China, etc. For example, the South Korean government requires battery manufacturers to develop target recycling of used batteries. If the target cannot be achieved, the battery manufacturer will be fined [1] .At the same time, the Chinese government has also enacted laws requiring producers to pay a part of the recycling fee [2] . In addition, many European countries have also signed the directives of WEEE (Waste of Electric and Electronic Equipment) (2002/96/EC) and RoHS (restriction of hazardous substances) in 2003 and 2006 , in order to make electrical and electronic products that are conducive to environmental protection restrictions and norms at both the production and the end-of-life stages. However, as the saying goes: one man's trash is another man's treasure [3] . That is, if enterprises can effectively recover and remanufacture the waste, they can not only solve the above environmental problems, but can also help obtain huge profits, enhance their competitiveness, and improve their social influence [4, 5] . According to the White paper on the 2016 WEEE of the recycling industry in China [6] , 30.6 million TV sets, 21 .85 million microcomputers, and 182.91 million mobile phones were scrapped in China alone in 2016, meaning that the recycling industry has an amazing market.
In recent years, based on the development of Internet technology, the Chinese government has developed a new model of "Internet + recycling" on the basis of the traditional recycling mode. The combination of "Internet + recycling" and the traditional recycling mode can be understood as a kind of dual-channel reverse supply chain. In this model, there are not only the traditional offline recycling channels, that is, with third-party recyclers (TPR), the consumers can deliver the waste products to the TPR and recycling centers, but also the online recycling model where consumers can use websites and APPs to deliver the waste products to the recycling centers directly.
As for the online channels, as long as the consumers input the brand, the model number and the damage and other information of the scrap product on the Internet site, they can obtain quotes from the recycling center. If the two sides agree on the price, the consumer can express the waste product to the recycling center, or the logistics company under the recycling center can go to the consumer's home to pick it up. The online channel will not only improve the responsiveness and efficiency of recycling, but also enhance the quality and conversion rate of recycling to reduce the pollution emissions to the environment through direct contact between the consumers and a professional recycling center [7] . On the other hand, consumer's awareness of sustainability is defined as consumer who constantly buys eco-friendly products and is actively concerned with sustainable issues and solutions to them [8] . Moreover, some scholars pointed out that consumers' awareness of sustainability also involves the choice of recycling behavior [9, 10] . However, according to the report titled Report on Consumer Awareness and Behavior Change in Sustainable Consumption, there are obvious differences in sustainability awareness among the 10 surveyed Chinese cities. It is this phenomenon that has led to the different preferences of consumers in different regions when they choose online or offline channels, especially in China where regional development is imbalanced [11] . This requires recycling centers and TPR to enact different recycling prices in different areas to maximize their own revenue. However, till now, research on "Internet + recycling" in the academic world is still in its initial stage. Most research is in the form of qualitative studies focusing on its connotations, characteristics and mechanism [7, 12] . There are a few quantitative studies on the dual-channel reverse supply chain, but the effect of regional differences on recycling companies are ignored [13] [14] [15] . Therefore, it is of great significance to consider regional differences in the pricing decisions of the dual-channel reverse supply chain.
The aim of this paper is to propose pricing strategies and maximize the benefits of recycling centers and the TPR. The first priority of the companies is to consider how much recycling can be affected by the income distribution, a consumer's income, the population and their preferences as well as the price. It is difficult to take all of these factors into consideration. Based on previous scholars' research on demand for the dual-channel reverse supply chain [16, 17] , this paper determines the amount of recycling in different channels by using the basic amount of consumers' waste products, the awareness of sustainability and the sensitivity between channels. On this basis, we can obtain the revenue function of recycling centers and the TPR, which includes the amount, price and cost of recycling. The focus of this paper is the following two issues:
(1) What strategies should recycling centers adopt to price online recycling and to readjust the offline transfer price after introducing online channels?
Sustainability 2018, 10, 2229 3 of 31 (2) How do recycling centers and the TPR in different regions modify their pricing strategies in accordance with logistics costs or consumers' awareness of sustainability changes?
In order to solve the aforementioned two problems, we first discuss the optimal pricing decisions of the recycling center and TPR before introducing online channels. Secondly, we established three types of pricing strategy for the recycling center after the introduction of the online channel. To set up and compare the models based on the Stackelberg game, on the one hand, we provide the recycling center with the chance to make the optimal decision in different circumstances. On the other hand, we take the perspective of the TPR in different cities to optimize their pricing and revenue decision. Finally, the conclusion of the model is verified by an example analysis. This paper sheds light on the introduction of online recycling channels, considering the logistics costs and consumers' awareness of sustainability in the study of the reverse supply chain. By considering regional differences, we extend the options of the price models of both recycling centers and the TPR. The findings of this paper may provide a reference for the pricing decisions and further development of different types of recycling enterprises, and give support to consumers who seek to strengthen the recycling of waste products by means of environmental protection and promoting the sustainable development of resources.
Therefore, the main contribution of this paper is to increase the revenue of companies in the dual-channel reverse supply chain and reduce system conflicts (such as opportunism and fraud [18, 19] ) by applying different pricing strategies. This study took into account various factors such as the sustainability awareness of consumers, the logistical costs of online channels, the sensitivity of demand to prices, the interaction between online and offline channels, and other factors in the process of building the Stackelberg game model. By developing three different pricing strategies, the study found that consumers' awareness of sustainability and the cost of online channels had a significant impact on the pricing and benefits of TPR and recycling centers. In addition, according to the different stages of online channel introduction, this study gave management significance to different supply chain members. According to the specific operation of the pricing strategy, recycling centers can successfully introduce online channels, and make the best choice for a steady increase in profits when faced with regional differences. At the same time, from the perspective of the TPR, they can make timely and reasonable pricing decisions to reduce losses and increase profits indirectly by observing changes in the decisions of other recycling enterprises and regional differences.
The rest of this paper is set out as follows. Section 2 summarizes the related literature. Section 3 formulates and describes the problems studied. Section 4 establishes a mathematical model. In Section 5, the examples of the model are tested and validated. Finally, the conclusions and future research are given in Section 6.
Literature Review
This study was to collect papers from the three aspects of reverse supply chain, dual-channel reverse supply chain, and dual-channel forward supply chain, and only focused on the articles closely related to this study. When applicable, we collected and commented on the literature on the impact of regional differences on supply chains, since they hold a central role in our research. Other studies involving the closed loop supply chain (CLSC) were also reviewed as it shares interlinked areas with the reverse supply chain. To take all key factors from these studies into consideration, we compare the literatures in Table 1 . In the reverse supply chain, the way that consumers recycle used products to recycling centers or manufacturers is further decomposed [20] . The reverse supply chain has been studied in different fields such as revenue-sharing contracts [21] , quality and cost of information [22] , designing and planning [23] , and coordination of the supply chain [24] . In addition, especially for the pricing of waste products, many scholars have studied it. 
Reverse Supply Chain
For the pricing problems of recycling in the reverse supply chain, most scholars study it through the comparison of the forward supply chain, from the perspective of enterprise game and supply chain coordination. Gu [25] pointed out that as the traditional pricing strategies of a forward supply chain are not all suitable for a reverse supply chain, and to solve this problem constructed the pricing model involving a single manufacturer and retailer by using the Stackelberg game and Nash equilibrium theory. Wang [26] extended Gu's research, and studied the pricing problem of reverse supply chains in centralized and decentralized modes. The above studies are promising attempts to introduce recycling pricing into the reverse supply chain. In addition, making the model based on centralized and decentralized decisions can further enhance the income of enterprises and promote coordination among channels. On the other hand, with the diversification of recycling channels, scholars have also focused on research from the perspective of recycling channel selection. Savaskan [27] constructed the pricing model of three models of manufacturer recycling, retailer recycling, and third-party recycling, and compared them to propose the optimal pricing strategy under different applicable conditions. Although this research focused on the advantages and disadvantages of different recycling channels, it failed to analyze the competition and interaction between channels when they co-exist. Therefore, based on the research of Savaskan, Huang [28] built a competitive hybrid recycling model for retailers and third-party recyclers, and compared the system benefits of the model with a single channel recycling model. He pointed out that when the channels of the reverse supply chain were competitive, the hybrid mode would be better than the single channel recycling model. However, Huang focused on only a single type of mixed channel, without considering other types of recycling channels and the competition and conflicts between them. In fact, in the supply chain, the intensification of conflicts among different channels and enterprises will lead to opportunistic behavior, deception or other incorrect decisions [16, 17] . Furthermore, in order to mitigate the conflicts in the reverse supply chain, Hong [29] proposed a recycling model of three kinds of mixing channels, manufacturer and third-party recyclers, retailers and third-party recyclers, manufacturers and retailers and pointed out that the recycling efficiency of the third mode was the highest through numerical simulation. From the comparison of the literature above, as presented in Table 1 , we find that in the research on the pricing problem in the reverse supply chain, scholars mainly based their studies on the Stackelberg game and on the hypothesis that the manufacturers are in the dominant position. In addition, the choice of recycling channels and the conflict between channels have always attracted the attention of scholars. All of these factors provide useful information for this paper in its research questions and methodology. However, although the above research works all made sense for studying the pricing problem in the reverse supply chain from multiple perspectives, they all ignored the influence of the Internet. In fact, the prevalence of the Internet and the emergence of online channels will fundamentally complicate the structure of the reverse supply chain and, accordingly, promote the transformation of the decision-making process of recycling companies.
Dual-Channel Reverse Supply Chain
With the development of the Internet, the dual-channel reverse supply chain has developed rapidly and made great achievements in China. According to the statistics for China's largest online recycling company Loving Recycling, it recycled more than 11 million WEEEs in 2017. This recycling amount is 2.2 times that of 2016 [30] . In addition, to provide the foundation for promoting the development of "Internet + recycling", the Chinese government has also issued a series of policies, for example, the 2015 Circular Economy Promotion Plan [31] and Action Plan of Three-year "Internet +" Green Ecology [32] . However, research on the dual channel reverse supply chain is still in its infancy. As early as 2010, Zhang [33] used the automotive industry as an example and pointed out that the application of the Internet of Things and radio-frequency identification (RFID) technology in the products' scrap phase could effectively collect and analyze the information needed to be recycled, and enhance the management of the product life cycle. Although this study has been widely recognized and quoted in academic circles, it is not deep enough in discussing the operations of the recycling enterprise. Therefore, in 2016, Li and Feng [13] were the first to study the sustainable pricing problem of the dual-channel reverse supply chain. By introducing consumer preferences for the network recycling channel, they compared the traditional offline recycling model and different types of dual-channel recycling model, and through numerical simulation, pointed out the existence of a Pareto interval of consumer preference, which makes the benefits from the dual-channel model always better than from the traditional one. This article conducted a more in-depth exploration of the model construction and operation method of the dual-channel reverse supply chain. What is more, as the first attempt to solve the pricing problem of the field, this study has provided a solid foundation for further quantitative research. After solving the problem of recycling pricing, it is important to promote coordination among channels. Therefore, they expanded the research [14] in an article published in the European Journal of Operational Research in 2017 to build pricing models for both centralized and decentralized decision-making, and develop corresponding revenue-sharing contracts. In the end, through numerical analysis, they pointed out that the consumers' preference for online channels would affect the acceptance of contracts by different recyclers. The findings of this article not only promote the coordination of different recycling channels, but also help different recycling enterprises to achieve a win-win result. All of the above studies have put recycling centers in the dominant position. However, in reality, a TPR can also be in control, for example IBM's global asset recovery services and AER worldwide [34, 35] . In addition, Giri [15] conducted research on the coordination of the supply chain when the different members occupied the dominant position in the online recycling of the dual-channel closed loop supply chain, and through numerical simulation compared the profits of the system when the manufacturers, retailers, and the third-party recyclers occupied the dominant position, respectively. The final results showed that the whole system had the highest revenue when the retailer dominated. In combination with the data in Table 1 , the research on the dual channel reverse supply chain mainly puts the recycling center in the dominant position. The researchers also paid attention to the cost and consumer factors, using the Stackelberg game to solve their pricing models. Although the above scholars considered factors such as consumer behavior, enterprise dominance, and inter-channel conflict in the research of the dual-channel reverse supply chain, they all neglected the great differences in different regions, especially in China, whose development is very uneven [11] . The sustainable awareness of consumers, the cost of online channels and the conflict between channels in different regions are completely different. However, dual-channel forward supply chains have been studied in detail [36, 37] . In addition, we must note that research in this field is still at an early stage. Given the fact that research on the dual-channel forward supply chain has been developing for many years in both reality and theory, we can borrow many of its elements as references for this paper, such as research background, design and method.
Dual-Channel Forward Supply Chain
In the forward supply chain, many manufacturers have developed a dual-channel based on online and offline channels. There is already in-depth research on the dual-channel supply chain in the academic world. In the dual-channel supply chain, the introduction of the online channel can seize customer resources of the traditional offline channel; on the other hand, it can reduce the double marginal effect to improve the performance of the whole supply chain [21, 38] . Therefore, as for the traditional offline channel, the online channel is both an opportunity and challenge [39] . For the problem of the pricing strategy of the dual-channel, scholars have studied it mainly from the points of view of competition and conflict of the online and offline channels, market potential, channel substitutability and consumer perception, etc. Chiang [40] pointed out that the introduction of online channels could not only improve the competitiveness of the manufacturers, but was harmless to retailers as it could reduce wholesale prices. From this, we can see that the introduction of online channels is not always a threat to retailers. Manufacturers can achieve a balanced game among enterprises through reasonable pricing strategies, and at the same time enhance their own and retailers' Sustainability 2018, 10, 2229 7 of 31 benefits. The deficiency of the research is that the models proposed are relatively simple; they cannot give different choices to manufacturers in the face of changing situations. To solve this problem, Huang [41] constructed the demand model and four pricing strategies according to the channel substitution degree and the overall market potential, and analyzed the four strategies through a numerical simulation. The main contribution of this paper is to formulate different pricing and revenue strategies for enterprises that plan to introduce online channels according to different situations of offline enterprises. The limitation of this paper is that its study on the demand function is only a simple consideration of the exchange between the channels, without considering the changes brought by the consumer's behavior. In order to solve this deficiency, Hua [42] pointed out that the online recycling channel had an advantage in the quality of service when compared to the offline recycling channel, and that the consumer's acceptance of online channels had a great impact on pricing. The above research on the dual-channel supply chain provides important references to formulate the question and design of the model in this paper. However, it has neglected the problem of unbalanced development worldwide, especially in China, and its possible impact on business decision making [43] . Therefore, some scholars have pointed out that due to the imbalance of regional development, the differences between different regions has an important impact on the decision-making of the dual-channel supply chain [36] . Sheng and Xu [36] built a dual-channel supply chain pricing model for manufacturers of different regions, and pointed out that the differential pricing strategy could improve the overall income of the dual-channel supply chain. It is different from optimizing the profit from the manufacturer's perspective, after that, they extended the research [37] to the model of a retailer's profit, and built three pricing strategies of invariable wholesale price, the same wholesale price, and the maximum of overall profit, and compared them through numerical simulation. The above studies provided a theoretical basis for the impacts of regional differences on the decision making of enterprises in the dual-channel supply chain. According to the data in Table 1 , we can see that the research on the pricing strategy of enterprises still used the Stackelberg game which puts the manufacturer in the dominant position, and combined the factors of consumer preference, regional differences and channel conflicts to optimize the pricing decision and income of the enterprises. Furthermore, there are many similarities between the forward and reverse supply chains, such as the dominance of manufacturers or recycling centers and their efforts to introduce online channels, and the direct contact of retailers or the TPR with the consumers. Therefore, due to the characteristics of sustainable development, resource conservation and environmental protection in the recycling industry, the consideration of regional differences in the dual-channel reverse supply chain will bring new theoretical and practical significance to this field.
Discussion
To sum up, scholars have studied in depth the pricing of the reverse supply chain and dual-channel forward supply chain from the perspective of method selection, channel coordination, consumer behavior and regional differences. In addition, they provide references for our new insights and construction on the research on the dual-channel reverse supply chain that both considers online channel and regional differences. Moreover, we find that almost all the research adopts the Stackelberg game to solve the pricing problem. This is because game theory can help them to take their prediction behavior and actual behavior into consideration according to the objectives, interests and possible action plans of different individuals in the supply chain. Through comprehensive consideration of the parties' most reasonable choice of action to the game, game theory can obtain their optimal strategies [27, 40] . All of these have provided an important reference for our research on the dual-channel reverse supply chain. Although there have been some studies on the dual-channel reverse supply chain, our research was different. First, our research goal was the pricing problems of the dual-channel reverse supply chain. In its pricing model, there are both online and offline recycling channels; second, in order to describe the impact of regional differences on pricing strategy, we took the logistical costs and consumers' awareness of the online channel into consideration. We must understand that in the past, research on consumer awareness in the sustainable supply chain was qualitative rather than quantitative [44] [45] [46] . Finally, through the solved model, we drew a number of conclusions, and used the numerical example to verify them and to propose some suggestions for the node enterprises in the dual-channel reverse supply chain.
Model Assumptions and Notations
The goal of this paper was to deal with the pricing problem created by the regional differences for node enterprises in the supply chain in the dual-channel reverse supply chain. To this end, we built a dual-channel reverse supply chain model with the consideration of two different cities A and B, where the recycling center can use traditional offline channels and online channels to recycle the waste products from consumers in different regions. Under traditional offline recycling, consumers will transfer the waste products to the local third-party recyclers at a certain price, and the third-party recyclers will carry out the preliminary classification and treatment of the waste products and then transfer them to the recycling centers. In this model, the recycling center and the third-party recyclers follow the Stackelberg game. In the use of online recycling channels, consumers will release the information of waste products through mobile phones or personal computers to the online platform established by the recycling center, and then directly hand over the waste products to the recycling center through express or door-to-door recycling. There are two main types of regional differences between the two cities A and B, namely, the consumer's awareness of sustainability and the logistical costs of the electronic channels.
Based on Savaskan's research [27] , we first made the following assumptions about the cost of running the recycling enterprises, the regional differences between different cities, and the framework for making decisions: Assumption 1. All the waste products have the same recycling conversion rate. There are many household appliances that can be recycled by online channels. However, for simplicity, according to the research in [13, 14, 25, 26] , in this study we only considered a batch of electronic products of the same type, brand, and degree of loss that have been sorted by recycling centers.
Assumption 2.
The vast majority of recycling centers we considered were all individual companies. For example, as the largest "Internet + recycling" companies in China at present, Love Recycling, Recycling Treasure, and Recycling Brother are all individual companies. Furthermore, these companies all operate with the goal of maximizing their profits. Therefore, all the decision goals of all supply-chain members are to maximize their own benefits. In addition, the information obtained by the parties in the supply chain was symmetrical to avoid problems such as inefficiencies and risk sharing of the supply chain due to asymmetric information.
Assumption 3.
Since in the model we are considering the market position of recycling centers and TPR is not equal, leading to the result that the asymmetry of market position has aroused the asymmetry of decision sequence. So, we did not consider the Cournot model and Bertrand model, but considered the Stackelberg game to solve the problem in this paper.
Assumption 4.
The recycling center is the leader in the Stackelberg game with TPR. We made this assumption as the result of a combination of various factors. First, recycling centers have absolute economic strength compared to TPR. For example, a recycling center called Loving Recycling has gained more than $130 million in financing [30] . However, TPRs are mostly small-scale individual recyclers. Second, the recycling center can obtain the support of the government, which allows it to obtain the government's subsidies and legitimacy. On the other hand, although the number of TPRs is huge, they are actually not recognized by the government. Finally, TPRs do not have the ability to deal with waste after recycling it. They can only transfer waste to recycling centers for profit. Therefore, they have no say in bargaining with recycling centers. In summary, recycling centers are the leaders in this case. Therefore, in the game of the two parties, the recycling center can make the most favorable decision by observing the reaction of the TPR.
Assumption 5.
We set the sustainable logistics cost of the online recycling channel to c i (c i > 0) and ignored the logistics cost of the offline channel. For most types of waste products, especially the electrical waste and electronic products, as the traditional offline recycling mode usually obtains bulk transportation, the logistics cost shared by every waste product is very low, which can be ignored. However, as mentioned in [13, 15] , in the online recycling channels the waste products are delivered to the recycling center in a sustainable way by express delivery or door-to-door delivery singly, so the logistics cost is much higher than that of offline.
Assumption 6.
Compared to offline channels, online channels take advantage of higher recycling prices, convenience services, and formal processes. Therefore, in the actual situation, many factors can improve the sustainable awareness of online recycling channels by consumers. In this article, we assumed that the index of a consumer's sustainable awareness was θ i (i = 1, 2), the sustainable logistics cost of the electronic channels was c i (i = 1, 2), the recycling price of the online channel was p e , and the recycling price of the offline channel was p i (i = 1, 2).
Assumption 7.
In this paper, we assumed that the recycling quantity and price of waste products were linearly distributed, that is, in the recycling model with only traditional channels, the relationship between the amount of recycling d ri (i = 1, 2) and the price was: d ri = a i + β i p i . In the dual-channel mode with both online and offline recycling channels, the recycling amount is affected by the recycling price, awareness and logistics costs of sustainability. In another way, the amount of offline recycling channel was d ri = (1 − θ i )a i + β i p i − γ i p e , and the amount of the online recycling channel was d ei = θ i a i + β i p e − γ i p i . Table 2 will be used in the formulation, where i = 1 represents city A and i = 2 represents city B. 
The notation in

Symbol Definition d ri
The recycling amount of waste products in offline channel (i = 1, 2).
d ei
The recycling amount of waste products in online channel (i = 1, 2).
The index of consumers' sustainable awareness. It means as θ i increases, the number of consumers who are willing to choose online channels in the region will also increase.
The sustainable logistics cost of electronic channels (i = 1, 2).
The benefits obtained by the recycling center through the removal, decomposition and remanufacturing of waste products in units.
p i
The unit price at which TPR recycles waste products from consumers through offline channel (i = 1, 2).
p e
The unit price at which the recycling center recycles waste products from consumers through online channel.
The transfer price at which TPR recycles waste products to recycling center (i = 1, 2).
Basic quantity of waste products in the hands of consumers (a i > 0, i = 1, 2).
The price of sensitivity of consumers in region i (β i > 0, i = 1, 2).
The diffusion rate of consumers in region i, describing the extent of diffusion of demand between the two channels due to price changing (β i > γ i > 0, i = 1, 2).
∏m The benefits of recycling center.
∏ i
The benefits of TPR (i = 1, 2).
Model Formulation and Solution
We analyzed the traditional model and the dual-channel model separately in this section. For the Stackelberg game between the recycling center and TPR, we first analyzed the equilibrium model and the optimal pricing strategy that could be achieved after the game under the traditional mode in Section 4.1, when the online recycling channel was not introduced and the recycling center set the unified pricing strategy and differential pricing strategy. With the development of the Internet and the promotion of government policies, and the introduction of online recycling channels into the reverse supply chain, we analyzed the reverse supply chain with both online and offline recycling channels. In view of the conflict between the recycling center and TPR, and the TPRs of different areas, these recycling enterprises can formulate the optimal pricing strategy. In this paper, the build sequence of the paper structure is gradually progressive, and the design of the strategy is inseparable from the previous conclusions. For example, the design of w in Section 4.2.1 uses the conclusion of w in Section 4.1.2.
Traditional Models
As in Figure 1 , in the traditional mode, TPRs of different cities recycle the WEEE from consumers at the unit price of p i . Then, the TPRs transfer the WEEE to the recycling center at the unit price of w i . We used the Stackelberg game to analyze the strategies of TPR and recycling center. Since the recycling center is the leader, the recycling center first develops a general strategy (unify pricing or differential pricing), then the TPRs make specific pricing decisions. After observing the TPR's pricing decision, the recycling center makes the most favorable pricing decision based on the TPR's decision. Finally, the recycling center will completely decompose and disassemble the WEEE, and then reproduce or resell the spare parts and raw materials and obtain the unit income of p 0 .
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Unify Pricing
We first considered that when the recycling center is the absolute leader in the supply chain, it uses a unified price w to recycle waste products aimed at the TPR in different regions to facilitate its own price management and marketing management. The TPRs of different regions set the recycling price pi based on the transfer price w established by the recycling center, according to the actual situation of their cities. Using the Stackelberg game, this paper studied the pricing strategies of the recycling centers and different TPRs. According to backward induction, due to the dominant position of the recycling center, the maximum benefit and optimal pricing of the TPR should be analyzed first. The transfer price w established by the recycling center was observed, and then the revenue function ∏i of TPRs in different regions can be represented as:
Property 1. The objective function ∏i is always concave with pi.
The proof of Property 1 and other properties are enclosed in Appendix.
Setting pi * as the optimal recycling pricing of TPR, then when
, ∏i is arriving at its maximum. As the leader of the Stackelberg game, the recycling center can optimize its own pricing strategies after observing two TPRs' pricing strategies in different regions to obtain the maximum benefit. The benefits of the recycling center can be expressed as: 
Unify Pricing
We first considered that when the recycling center is the absolute leader in the supply chain, it uses a unified price w to recycle waste products aimed at the TPR in different regions to facilitate its own price management and marketing management. The TPRs of different regions set the recycling price p i based on the transfer price w established by the recycling center, according to the actual situation of their cities. Using the Stackelberg game, this paper studied the pricing strategies of the recycling centers and different TPRs. According to backward induction, due to the dominant position of the recycling center, the maximum benefit and optimal pricing of the TPR should be analyzed first. The transfer price w established by the recycling center was observed, and then the revenue function ∏ i of TPRs in different regions can be represented as:
Property 1. The objective function ∏ i is always concave with p i .
The proof of Property 1 and other properties are enclosed in Appendix A.
Setting p i * as the optimal recycling pricing of TPR, then when ∂ ∏ i /∂p i = 0 and p i * = (wβ i − α i )/2β i , ∏ i is arriving at its maximum. As the leader of the Stackelberg game, the recycling center can optimize its own pricing strategies after observing two TPRs' pricing strategies in different regions to obtain the maximum benefit. The benefits of the recycling center can be expressed as:
Property 2. The objective function ∏m is always concave with w.
Setting w* as the optimal recycling price of the recycling center to TPRs of different regions, then we can get:
Substituting w* into p i * in Equations (1) and (2), then we can get the maximal profit of the recycling center:
The optimal price p i * is:
The maximal profit of TPR is:
Differential Pricing
In order to maximize its own income, the recycling center will make a differentiated pricing strategy based on the consideration of the factors of the quantity of the WEEE, the recycling ability of the TPR, and the rest held by consumers in different regions. In this type of pricing model, the recycling center is still the dominant power in the supply chain when compared to the TPR. The revenue function of TPR can be expressed as:
Similar to the demonstration in Property 1, we can also get the objective function ∏ i is always concave with p i . Setting p i * as the optimal price of TPR, it is solved that, ∏ i arrives at its maximum when p i * = (w i β i − α i )/2β i . According to Stackelberg game theory, the recycling center makes decisions on the pricing strategy of TPRs in two different regions, and the proceeds can be expressed as:
Property 3. The objective function ∏m is always concave with w i .
The proof of Property 3 is enclosed in the Appendix A.
Setting w i * as the optimal recycling price of the recycling center to TPRs of different regions, on the basis of ∂ ∏ m /∂w i = 0, then w i * = (p 0 β i − α i )/2β i is obtained. Substituting w i * into p i * in Equations (6) and (7), respectively, then we can get:
The maximal profit of recycling center is:
Property 4. As for the recycling centers, the benefits of differentiated pricing strategies for different regions are always higher than the unified pricing strategy.
Through the proof of Property 2, we can observe that the differentiated pricing strategy for different regions can help the recycling center to improve its own income. Compared with the unified pricing strategy, the differentiated strategy can excavate the characteristics and habits of consumers in different market segments, that is, relying on different consumer groups to establish a scientific and reasonable pricing system to promote overall competitiveness.
Dual-Channel Model
On the basis of the traditional recycling model, the online recycling channel is introduced as shown in Figure 2 . By contrast with the traditional mode, under dual-channel recycling mode with the coexistence of online and offline channels the recycling center not only indirectly recycles the waste products through the TPR, but also uses the network channel to directly recycle the waste products from consumers at the price of p e . Therefore, the relationships between the recycling center and TPR are not only upstream and downstream in the supply chain, but are also competitive. Compared with the TPR, the online channel of the recycling center is superior to the traditional offline channel in terms of recycling price, quality, efficiency, and environmental sustainability, and these advantages can also enhance the index of a consumer's sustainable awareness θ of the online channel due to the increase of urban residents' awareness of environmental protection. However, the introduction of online channels will also mean competition with the offline channels. If such competition is not properly guided, it may lead to vicious conflicts between the different channels, and damage the benefits of the whole supply chain system. Therefore, in order to reduce the conflict between the recycling center and TPR in the process of introducing the online channel, according to the actual situation of the supply chain this paper has formulated three kinds of pricing strategy for the recycling center. Furthermore, although online channels are superior to offline channels in terms of price, service, and environmental friendliness, many consumers are still unable to accept online channels because of traditional concepts. Many consumers may not know there is such an online recycling method. This is why in our strategies, some consumers will still choose offline channels despite the lower prices of the online channel.
recycling In this mode, we also used the Stackelberg game to analyze the strategies of the TPR and recycling center. Similar to the traditional model, the recycling center first develops a general strategy, then the TPR makes specific pricing decisions. After observing the TPR's pricing decision, the recycling center makes the most favorable pricing decision for the online and offline channels. Inspired by Cattani's handling of the conflict in the forward dual-channel supply chain [47] , we built three pricing strategies for the recycling center to deal with the problem as the online channel is introduced: the recycling price is unchanged, unify all the prices, or maximize its own revenue.
The Recycling Price is Unchanged
In this situation, although the recycling center already has a certain size, the TPR still occupies a certain position during the exchange with the recycling center (the recycling center is still dominant). In other words, the recycling center still relies mainly on the offline channel for recycling within a short period of time after the introduction of online channels. Therefore, in order to reduce the opposition of the TPR, minimize the conflict, and maintain the stability of the supply chain, the recycling center should maintain the recycling price for the TPR. We used Catani's analogy of the "boiling frog" to describe this strategy [41] . When the frog is thrown into boiling water, the frog jumps out immediately. However, if you put the frog in warm water and simmer it, it cannot escape after realizing the danger. For recycling centers, it is necessary to consider the response of the TPR to avoid conflicts in the supply chain when introducing online channels. Therefore, the recycling center can first keep the transfer price for the TPR unchanged. After the online channel gains consumer recognition and has a certain market share, the recycling center can make further adjustments to pricing decisions. By then, the TPR could no longer react fiercely to online channels. In summary, in this chapter we assumed that the recycling center keeps w i * = (p 0 β i − α i )/2β i in Section 4.1.2 to recycle waste products from the TPR, so the revenue function of TPR in different regions can be written as:
Property 5. The objective function ∏ i is always concave with p i .
Setting p i * as the optimal recycling price of the TPR, when ∂ ∏ i /∂p i = 0, and
The revenue function of the recycling center is:
Property 6. The objective function ∏m is always concave with p e . Setting p e * as the optimal recycling price of the recycling center, then when: (11) and (12), the maximum profit value of the recycling center and TPR can be obtained under this strategy.
Unify All the Prices
On the other hand, another way for the recycling center to compete with the TPR to increase revenue is to unify all the recycling prices for the TPRs and consumers from the different regions. Compared with the strategy in Section 4.2.1, the recycling center in this strategy absolutely ignores the regional differences and factors between online and offline. On the one hand, for recycling centers, although online channels are superior to the offline channels in terms of price, service, and environmental friendliness, many consumers are still unable to accept online channels because of traditional habits. It is important to know that consumers in many areas do not know much about Internet recycling. Therefore, the recycling center needs to strengthen publicity and improve services while increasing the recycling price of online channels as much as possible. On the other hand, if the online recycling price is set too high, it will lead to a series of serious problems. For example, this will lead to its own serious financial crisis and strong protest from the TPR. It may even be that the TPR will transfer its offline recyclable products to recycling centers through online channels for high online prices. Based on the above reasons, we selected the price transferred from the TPR to the recycling center as a critical point to unify all the recycling center's recycling prices. We assumed that p T (p T = p e = w i ) was the unified price of the recycling center. Then, the revenue function of TPR is:
Similar to the demonstration in Property 3, after testifying, function ∏ i is always concave with p i , and the optimal recycling price p i * of the TPR is p i
revenue function of recycling center is:
Property 7. The objective function ∏m is always concave with p T .
The optimal recycling price formulated by the recycling center is: 
i , the final optimal recycling price p i ** of the TPR
Substituting p T * and p i ** into Equations (13) and (14) can also get the maximum profit value of the recycling center and the TPR under this strategy.
Maximize Its Own Interests
In this case, the recycling center not only occupies the dominant position relative to the TPR, but also has the absolute right of speech, which can guarantee the coordination and stability of the supply chain. Therefore, at this point, the recycling center will only consider promoting its own interests when making decisions and no longer worry about the impact of pricing on the TPR and consumers. Under this strategy, the revenue of the recycling center will reach its maximum value. However, the TPR's revenue will be significantly lower than the previous two strategies. Similarly, according to the reverse induction method, the revenue function aiming at the TPRs of different regions was studied first:
Similar to the demonstration in Section 4.2.1, the objective function ∏ i is always concave with p i . Setting ∂ ∏ i /∂p i = 0, the optimal pricing of TPR to p i is p i
point, the earnings of the TPR has arrived at its maximum. After observing the pricing of the two TPRs to p i , the recycling center enacted a target pricing decision. The revenue function of the recycling center is:
Property 8. The objective function ∏m is always concave with p e and w i .
Setting ∂ ∏ m /∂w 1 , ∂ ∏ m /∂w 2 and ∂ ∏ i /∂p e as 0, respectively, the optimal w 1 *, w 2 *, and p e * formulated by the recycling center can be solved, and can make the earnings ∏m arrive at its maximum, that is:
Substituting p e * and w i * into p i (15) and (16), the maximum profits of recycling center and TPR can be obtained under this strategy. Setting S1, S2, and S3 represent the three kinds of strategies in Sections 4.2.1-4.2.3, respectively, the optimal pricing and corresponding benefits of the recycling center, and the TPR under three strategies are classified in Table 3 . Table 3 . The optimal pricing and corresponding benefits.
S1
S2 S3
Example Analysis
According to the above study, we believe that in the dual-channel reverse supply chain, the index of consumer's sustainable awareness θ i and sustainable logistics cost c i can affect the optimal pricing strategy and the maximum benefit of the recycling center and TPR. Due to the uneven development of many countries including China, whether the basic value or the rate of change of θ i and c i among the different regions of the country are different, so the recycling center should adjust the pricing strategy according to timely regional changes after introducing the online channel. Therefore, in this section, we conducted example analysis aiming at the change of θ i and c i . With the proving of the previous research conclusions, at the same time we also hoped to find the influence rule of the factors in the reverse supply chain of the different regions.
As one of the largest enterprises of "Internet + recycling" in China, Loving Recycling has developed rapidly in recent years. It recycles more than 5 million mobile phones each year, accumulating more than $130 million in financing [30] . So, for the settings of some of the parameters in the numerical example, we referred to the related information on the iPhone 6 released by Loving Recycling [48] . For example, for the benefit of recycling each cell phone p 0 , we assumed p 0 = 1500. In addition, for data between different urban areas, generally we assumed a 1 = a 2 = 2000, β 1 = β 2 = 6, and γ 1 = γ 2 = 4. In addition, we assumed that the TPR of City A was TPR1 and the TPR of City A was TPR2. For the data that reflected the difference, we assumed that θ i was floating up and down from 0.3 to 0.7, because at present in most Chinese cities the development of online recycling is still in its infancy. Only in the most developed cities (such as Beijing, Shanghai) do people have sustainable awareness. The change of c i is floating in the range of 6~14 due to the higher cost for online channels in some undeveloped and remote areas of the center.
θ Analysis
First of all, we analyzed the situation where only B city consumers improved their sustainable awareness. With the rapid development of e-commerce in city B, θ 2 increased from 0.3 to 0.7 step by step. Reaching 0.7 means that 70% of the city's consumers will choose online channels to recycle their old iPhone 6. Next, we used the control variable method to ensure θ 1 = 0.3 and c 1 = c 2 = 10 to prevent interference in the results of an example. Finally, according to the three strategies in Section 4.2, we obtained the profits and optimal pricing of the recycling center and the two TPRs, respectively, in Tables 4-6 , and obtained the line chart of the recycling center and the two TPRs' profit changes, respectively, for comparison. According to the data presented in Tables 4-6 , it can be seen that: Result 1: under S1, with the improvement of θ 2 , p e and p 1 are monotonically decreasing and p 2 is monotonically increasing; for TPR2, the difference value between w 2 and p 2 decreases gradually with the improvement of θ 2 ; for TPR1, the difference value between w 1 and p 1 increases gradually with the improvement of θ 2 .
Result 2: under S2, with the improvement of θ 2 , p e and p 1 are monotonically decreasing, p 2 is monotonically increasing, and the decreasing amplitude of w 1 and w 2 is minimal; for TPR2, the difference value between w 2 and p 2 decreases gradually with the improvement of θ 2 ; for TPR1, the difference value between w 1 and p 1 decreases slightly with the improvement of θ 2 .
Result 3: under S3, with the improvement of θ 2 , p e and p 1 are monotonically decreasing, w 2 and p 2 are monotonically increasing, and the decreasing amplitude of w 1 is minimal; for TPR2, the difference value between w 2 and p 2 gradually decreases with the improvement of θ 2 ; for TPR1, the difference value between w 1 and p 1 keeps unchanged with the improvement of θ 2 .
Result 4: comparing Tables 4-6, it was found that for TPR1, the difference value between w 1 and p 1 was always far higher than that of S2 and S3 under S1.
Result 5: comparing Table 5 with Table 6 , it was found that for TPR2, the difference value between w 1 and p 1 was greater than S3 when θ 2 was lower under S2, and when θ 2 was higher, the difference value between w 1 and p 1 was less than S3 under S2. Figure 3 first shows that with the improvement of θ 2 , its revenue steadily increased regardless of what strategy the recycling center adopted. This is because more consumers will choose to recycle waste products online through recycling centers with the promotion of sustainable awareness and online recycling channel preferences. According to the data presented in Tables 4-6 , it can be seen that: Result 1: under S1, with the improvement of θ2, pe and p1 are monotonically decreasing and p2 is monotonically increasing; for TPR2, the difference value between w2 and p2 decreases gradually with the improvement of θ2; for TPR1, the difference value between w1 and p1 increases gradually with the improvement of θ2.
Result 2: under S2, with the improvement of θ2, pe and p1 are monotonically decreasing, p2 is monotonically increasing, and the decreasing amplitude of w1 and w2 is minimal; for TPR2, the difference value between w2 and p2 decreases gradually with the improvement of θ2; for TPR1, the difference value between w1 and p1 decreases slightly with the improvement of θ2.
Result 3: under S3, with the improvement of θ2, pe and p1 are monotonically decreasing, w2 and p2 are monotonically increasing, and the decreasing amplitude of w1 is minimal; for TPR2, the difference value between w2 and p2 gradually decreases with the improvement of θ2; for TPR1, the difference value between w1 and p1 keeps unchanged with the improvement of θ2.
Result 4: comparing Tables 4-6, it was found that for TPR1, the difference value between w1 and p1 was always far higher than that of S2 and S3 under S1.
Result 5: comparing Table 5 with Table 6 , it was found that for TPR2, the difference value between w1 and p1 was greater than S3 when θ2 was lower under S2, and when θ2 was higher, the difference value between w1 and p1 was less than S3 under S2. Figure 3 first shows that with the improvement of θ2, its revenue steadily increased regardless of what strategy the recycling center adopted. This is because more consumers will choose to recycle waste products online through recycling centers with the promotion of sustainable awareness and online recycling channel preferences. Secondly, comparing the three types of strategies that can be adopted by the recycling center, it shows that the income obtained was obviously lower than the other two strategies when S1 was adopted, that is, when the transfer price of the TPR is guaranteed to be unchanged when the online channel is introduced. Comparing the results of 1, 2, and 3, it was found that in the early stages of the introduction of the online channel, the recycling center will keep the transfer price unchanged for the stability of the supply chain and avoid conflict with the TPR1. On the one hand, the transfer price of the recycling center under S1 is much higher than the transfer price under S2 and S3; on the other hand, the offline recycling price under S1 and the online recycling price under S2 and S3 are relatively close, resulting in the lowest revenue of the recycling center under this strategy. With the improvement of online channels, the promotion of publicity and promotion of service, the recycling center can gradually adopt S2 or S3 to increase revenue.
Furthermore, when θ 2 was lower, the returns of S2 and S3 adopted by the recycling center were very close, and when a higher level was reached, the sensitivity of the return of the recycling center under S3 was significantly higher than that under S2. Combined with Results 2 and 3, it was found that the transfer price of the recycling center under S2 was higher than that under S3, and the online recycling price was lower than that under S3, which led to the close return of the recycling center under the two types of strategy; on the other hand, when it was higher, the online recycling prices under S2 and S3 were very close, and the transfer price in the city B under S2 was obviously lower than that under S3, but the transfer price in the city A was still higher than that under S3, which has led to a marked increase in the sensitivity under S3 to the recycling ratio of the recycling center under S2. This is because, at the early stage of the introduction of the online channel when θ 2 was lower, S2 can strengthen the competition between the online and offline channels and keeps the return of the recycling center at a higher level; while θ 2 was higher, the share of the online channels was obviously higher than the offline channel, and under the premise that the recycling center could have lowered the TPR1 transfer price, if it still kept the price of all channels the same under S2, that is to increase its cost, which would lead to revenue to the degree of sensitivity of θ 2 lower than S3. Figure 4 shows that with the improvement of θ 2 , the revenue of TPR2 will gradually decrease all the same no matter what strategy the recycling center adopts. This is because the consumers would still choose offline recycling channels despite the fact that it is not easy for them to change their traditional habits and do not understand online channels at first. However, with the spread of online channels in city B, the security of the offline channels, the low level of service and the non-environmental protection of the processing are beginning to appear, and the consumers gradually choose online channels, which directly leads to the reduction of the consumers who choose the recycling channels offline in the city. Results 1, 2 and 3 all showed that p 2 always increased with the improvement of θ 2 , and the transfer price of the recycling center was very small, which led to the decrease of its revenue. In addition, when S1 was adopted by the recycling center, TPR2's revenue was much higher than the other two strategies. This is because in order to maintain the stability of the system, the recycling center maintains a high and constant transfer price to the TPR product under this strategy, and then minimizes the impact of the introduction of the online channel on the TPR revenue. In addition, when S1 was adopted by the recycling center, TPR2's revenue was much higher than the other two strategies. This is because in order to maintain the stability of the system, the recycling center maintains a high and constant transfer price to the TPR product under this strategy, and then minimizes the impact of the introduction of the online channel on the TPR revenue.
Finally, comparing S2 and S3, it was found that when θ 2 was at a lower level, the revenue of TPR2 under S2 was higher than that under S3; when θ 2 was at a higher level, the revenue of TPR2 under S2 was lower than S3. From Result 5, it was found that when θ 2 was at a higher level, the difference value between the transfer price and the recycling price under S2 was greater than that under S3, which was because although the recycling center used the S2 and TPR to compete in price, the development of the online channel is still in its infancy, and the impact on TPR2 is limited, it results in the higher overall income of TPR2 under this strategy. When θ 2 was at a higher level, the difference value between the transfer price and the recycling price under S2 was less than that under S3. This is because the ratio of consumers who choose the online channels is far higher than that of the offline channels. If the recycling center still uses S2 at this time, the transfer price of TPR2 will be kept down, which would lead to the lower overall revenue. Figure 5 shows that when the θ 2 level of city B increases, the revenue of TPR1 will also be affected. This is an interesting phenomenon, because the changes of θ 2 not only affect the decision of TPR2, but also make the recycling center change its online recycling price and transfer price, and then make TPR1 adjust the pricing. 
In addition, when S1 was adopted by the recycling center, TPR2's revenue was much higher than the other two strategies. This is because in order to maintain the stability of the system, the recycling center maintains a high and constant transfer price to the TPR product under this strategy, and then minimizes the impact of the introduction of the online channel on the TPR revenue.
Finally, comparing S2 and S3, it was found that when θ2 was at a lower level, the revenue of TPR2 under S2 was higher than that under S3; when θ2 was at a higher level, the revenue of TPR2 under S2 was lower than S3. From Result 5, it was found that when θ2 was at a higher level, the difference value between the transfer price and the recycling price under S2 was greater than that under S3, which was because although the recycling center used the S2 and TPR to compete in price, the development of the online channel is still in its infancy, and the impact on TPR2 is limited, it results in the higher overall income of TPR2 under this strategy. When θ2 was at a higher level, the difference value between the transfer price and the recycling price under S2 was less than that under S3. This is because the ratio of consumers who choose the online channels is far higher than that of the offline channels. If the recycling center still uses S2 at this time, the transfer price of TPR2 will be kept down, which would lead to the lower overall revenue. Figure 5 shows that when the θ2 level of city B increases, the revenue of TPR1 will also be affected. This is an interesting phenomenon, because the changes of θ2 not only affect the decision of TPR2, but also make the recycling center change its online recycling price and transfer price, and then make TPR1 adjust the pricing. Further comparing the three types of strategies, it was found that TPR1 had the highest revenue under S1, and it kept steady growth with the improvement of θ 2 . This was due to the constant increase of θ 2 in the city B under S1, but the recycling center kept the price of all the lines unchanged in order to keep the supplying chain system stable. At the same time, with the decrease of the TPR1 recycling price, the revenue of TPR1 increased. In addition, according to Result 4, we also found that due to the high transfer price, the difference value between the transfer price and the recycling price of TPR1 under S1 was always far higher than S2 and S3, which led to the highest revenue of TPR1 under S1.
In addition, it was found that the improvement of θ 2 under S2 will make TPR1 s revenue gradually decrease. This is because in the price competition strategy, the improvement of θ 2 decreases the quantity of the offline recycling in the two cities. On the one hand, it forces TPR2 to improve the recycling price; on the other hand, the recycling center is constantly reducing the transfer price. Although the reduction in online recycling prices can make TPR1 slightly lower the recycling price, the difference value between the transfer price and the recycling price is still decreasing, as shown in the result of 2. This leads to the gradual decrease of TPR1 s revenue under S2 with the increase of θ 2 .
Finally, with the improvement of θ 2 , the revenue of TPR1 under S3 fluctuates smoothly. This is because in the Stackelberg game, the recycling center always responds in time according to the decision of TPR2 and the change of θ 2 , and it has little influence on TPR1.
Sustainable Logistics Costs (c) Analysis
In this section, we analyzed the influence of the change of sustainable logistics costs c 2 of electronic channels in city B on the members of the supply chain under three different strategies. The development of logistics in China also has serious regional differences. For example, in the south-eastern coastal area of China, if you buy something online or recycle used products, the logistics cost can be very low or even free. However, in the vast north-west of China, logistical costs are relatively high, and even require additional costs. On the other hand, in recent years, China's logistics industry has developed rapidly, and the sustainable logistics cost has gradually reduced. Based on this, we assumed that θ 1 = θ 2 = 0.3, and c 1 = 0.6 as the fixed value, and c 2 was reduced from 14 to 6. Similar to the research in Section 5.1, we present the data of the examples in three Tables 7-9 and drew a line chart for the changes of the income of different supply chain members. According to the data presented in Tables 7-9 , it can be seen that: Result 1: under S1, with the decrease of c 2 , both p e , p 1 and p 2 are monotonically increasing; for TPR2, the difference value between w 2 and P2 decreases gradually with the decrease of c 2 ; for TPR1, the difference value between w 1 and p 1 decreases gradually with the decrease of c 2 .
Result 2: under S2, with the decrease of c 2 , w 1 , w 2 , p e , p 1 and p 2 are all monotonically increasing; for TPR2, the difference value between w 2 and p 2 gradually increases with the decrease of c 2 ; for TPR1, the difference value between w 1 and p 1 increases with the decrease of c 2 .
Result 3: under S3, with the decrease of c 2 , p e , w 1 and p 1 are monotonically increasing, while w 2 is monotonically decreasing, and p 2 remains unchanged; for TPR2, the difference value between w 2 and p 2 decreases gradually with the decrease of c 2 ; for TPR1, the difference value between, w 1 and p 1 decreases with the decrease of c 2 .
Result 4: comparing Tables 7-9 , it is found that for TPR1, the difference value between, w 1 and p 1 is always higher than that of S2 and S3 under S1. Figure 6 first shows that with the decrease of c 2 , regardless of the strategy the recycling center adopts, its revenue increases steadily. This is because with the development of the urban logistics industry and the promotion of the enterprise logistics facilities, the logistical costs of the online channel are gradually reduced, which directly improves the revenue of the recycling center.
Result 4: comparing Tables 7-9, it is found that for TPR1, the difference value between, w1 and p1 is always higher than that of S2 and S3 under S1. Figure 6 first shows that with the decrease of c2, regardless of the strategy the recycling center adopts, its revenue increases steadily. This is because with the development of the urban logistics industry and the promotion of the enterprise logistics facilities, the logistical costs of the online channel are gradually reduced, which directly improves the revenue of the recycling center.
Second, when the recycling center takes S1, its revenue is always lower than the other two strategies. Similar to the case in Figure 3 , this is because under S1, the recycling center keeps high, constant transfer prices in order to reduce the conflict of the supply chain, which directly leads to the high cost of their own delivery. Despite the decrease in the cost of online channels, the total income has improved, but the revenue of the strategy is obviously lower than the other two strategies in cases of low consumer sustainable awareness (θ1 = θ2 = 0.3), the amount of online recycling is lower than that offline, and the low recycling price difference between the three types of strategies. Second, when the recycling center takes S1, its revenue is always lower than the other two strategies. Similar to the case in Figure 3 , this is because under S1, the recycling center keeps high, constant transfer prices in order to reduce the conflict of the supply chain, which directly leads to the high cost of their own delivery. Despite the decrease in the cost of online channels, the total income has improved, but the revenue of the strategy is obviously lower than the other two strategies in cases of low consumer sustainable awareness (θ 1 = θ 2 = 0.3), the amount of online recycling is lower than that offline, and the low recycling price difference between the three types of strategies.
In addition, the revenue from the recycling center under S3 is always higher than that under S2. By comparing the different price levels of the recycling center under Result 2 and Result 3, it was found that in the case where the price of the online recycling was not very different, and the transfer price was much higher than that under S3 because the recycling center of S2 needs to unify all the prices. This directly results in less than S3 revenue under S2. As we studied the development of c 2 under the hypothesis of the low consumer's sustainable awareness in the two cities, we could see that in this context, the reduction of c 2 did not affect the decision making of the recycling center. Figure 7 shows that as the recycling center takes S1 and S3, the revenue of the TPR2 will gradually decrease with the decrease of c 2 , and when the recycling center takes S2, the revenue of the TPR2 will increase gradually. According to Result 1, it was found that with the decrease of S1, the p 2 is increasing while w 2 is unchanged, and the revenue of TPR2 decreases. This is because the reduction in this strategy can help the recycling center raise online recycling prices to enhance online recycling. All of these pose a threat to TPR2, then it can only raise the price offline to compete with the recycling center and result in a decrease in revenue. This reason can also explain why the TPR's revenue will decrease in S3. In addition, according to Result 2, although it has been reduced, the recycling center under S2 raises the recycling price online at the same time increasing the recycling price offline in order to unify all the prices. This leads to the gradual increase of TPR2's revenue under this strategy.
why the TPR's revenue will decrease in S3. In addition, according to Result 2, although it has been reduced, the recycling center under S2 raises the recycling price online at the same time increasing the recycling price offline in order to unify all the prices. This leads to the gradual increase of TPR2's revenue under this strategy. In addition, when S1 was adopted in the recycling center, the revenue of TPR2 was much higher than the other two strategies. Similar to the interpretation of Figure 4 , this was due to the high transfer price caused by the recycling center at the beginning of the introduction of the online channel to reduce the conflict with TPR.
Finally, by comparing S2 and S3, it was found that the revenue of TPR2 was much higher than that of S3 under S2. The comparison between Results 2 and 3 showed that the recycling price of TPR2 was relatively close across the two strategies, and under S2 the transfer price was much higher than that of S3 because of the unification of all the prices of the recycling center, which also led to the higher revenue of TPR2 under S2. Figure 8 shows that when city B's online logistics level was raised and the cost reduced, it will not only affect the revenue of the recycling center and TPR2, but also the revenue of TPR1. According to the results, this reduction changes the online recycling and transfer prices of the recycling center and the recycling price of TPR2, thus making TPR1 adjust its pricing strategies. In addition, when S1 was adopted in the recycling center, the revenue of TPR2 was much higher than the other two strategies. Similar to the interpretation of Figure 4 , this was due to the high transfer price caused by the recycling center at the beginning of the introduction of the online channel to reduce the conflict with TPR.
Finally, by comparing S2 and S3, it was found that the revenue of TPR2 was much higher than that of S3 under S2. The comparison between Results 2 and 3 showed that the recycling price of TPR2 was relatively close across the two strategies, and under S2 the transfer price was much higher than that of S3 because of the unification of all the prices of the recycling center, which also led to the higher revenue of TPR2 under S2. Figure 8 shows that when city B's online logistics level was raised and the cost reduced, it will not only affect the revenue of the recycling center and TPR2, but also the revenue of TPR1. According to the results, this reduction changes the online recycling and transfer prices of the recycling center and the recycling price of TPR2, thus making TPR1 adjust its pricing strategies. Further comparing the three kinds of strategies synthetically, we found that under S1, TPR1 had the highest revenue and decreased with the decrease of c2. According to Result 1, we can see that under the strategy, the transfer price of TPR1 remains unchanged, and the recycling price decreased, resulting in a decline in its revenue. Similar to the explanation for the decrease in revenue of TPR2 in Figure 7 , the decrease in the revenue of TPR1 was also due to the decrease of c2, leading to the recycling center's increase in online prices, thus making TPR1 raise the recycling price. When the transfer price remained unchanged, the recycling price led to the decrease of its revenue. Further comparing the three kinds of strategies synthetically, we found that under S1, TPR1 had the highest revenue and decreased with the decrease of c 2 . According to Result 1, we can see that under the strategy, the transfer price of TPR1 remains unchanged, and the recycling price decreased, Sustainability 2018, 10, 2229 24 of 31 resulting in a decline in its revenue. Similar to the explanation for the decrease in revenue of TPR2 in Figure 7 , the decrease in the revenue of TPR1 was also due to the decrease of c 2 , leading to the recycling center's increase in online prices, thus making TPR1 raise the recycling price. When the transfer price remained unchanged, the recycling price led to the decrease of its revenue.
In addition, under S2, the revenue of TPR1 will increase slightly with the decrease of c 2 . According to Result 4, although the transfer price and recycling price of TPR1 were higher in this strategy, the difference value between the two also increased with the decrease of c 2 as the transfer price increased, which leads to an increase in the revenue of the TPR.
Finally, the revenue of TPR1 under S3 fluctuates smoothly with the decrease of c 2 . Similar to the explanation in Figure 5 , this is because in the Stackelberg game between the members of the supplying chain, the recycling center can always respond in time according to the decision of TPR2 and change of c 2 , and the impact on TPR1 is relatively small.
Results and Discussion
In this subsection, we summarize and compare the simulation results of the two parts of Sections 5.1 and 5.2.
First, according to the 5.1 simulation on the recycling center, we found that when the sustainable awareness of the consumers in city B is improved, the revenue will be increased steadily regardless of the kind of strategy it follows. In addition, in the initial stage of its introduction of online channels, although it will have lower revenue, S1 should be chosen for channel stability. The choice of S3 will be better than S2 when the consumer's sustainable awareness is raised to a higher level, which means that the fierce price competition does not generate a profit. On the other hand, it is interesting that the optimal strategy of the recycling center is also for TPR2. For TPR2, the sustainable awareness of consumers in city B is bound to reduce their earnings. In the initial stage of the introduction of the online channel, when the recycling center selects S1, TPR2 can maximize the revenue in this strategy, and when the recycling center selects S3 with the increase of θ 2 , this is also the best strategy for the TPR2, so the selection of S3 is also more conducive to the stability of the system. Finally, for TPR1, when S1 and S2 are selected by the recycling center, the TPR1 will achieve a higher return when playing with TPR2. This phenomenon is similar to the proverb "When shepherds quarrel, the wolf has a winning game". When the recycling center chooses S3 and achieves a balanced state with TPR2, the revenue of TPR1 is the lowest.
Second, according to the result of 5.2, when the logistical costs of city B decreases, regardless of what strategy the recycling center adopts, the revenue will steadily increase. In addition to choosing S1 at the initial stage of the introduction of online channels, choosing S3 is obviously better than S2. On the other hand, for TPR1 and TPR2, when the recycling center chooses S1, the revenue is the highest, and when the recycling center chooses S3, the revenue is the lowest. In particular for TPR1, although the cost of online logistics is reduced in city B it also needs to adjust its own pricing decisions at any time according to the decision of the recycling center and the changes in c 2 . For example, under S3, TPR1 needs to raise the price of recycling continuously to achieve stability of revenue.
Finally, through the comparison of the simulation results in Sections 5.1 and 5.2, it was found that although all the revenue of the recycling center could be improved, the recycling of the online channel was directly widened and the impact of the logistics cost on the other TPR returns was less than that of improving the consumer's sustainable awareness. Therefore, the recycling center is flexible and scientific in terms of process optimization, channel promotion, and pricing decisions.
Conclusions and Future Research
Conclusions and Managerial Implications
This paper was inspired by the transformation of the recycling industry to "smart" and "intelligent". Under the background of "Internet +", the pricing strategy of the node enterprises in the dual-channel reverse supply chain in different regions was studied. First of all, we set up two kinds of pricing models of differentiated pricing and unified pricing in the traditional mode, and compared them. In addition, we analyzed the influence of different regional difference factors on the pricing of the recycling center and TPR, and established three kinds of pricing strategy models aimed at the domination of different enterprises in the supply chain and their conflict. The conclusions and managerial implications of this paper have demonstrated that:
(1) In the traditional recycling mode, when making decisions for TPRs in different regions, it can bring more benefits for the recycling center by choosing the differential pricing strategy rather than unified pricing. However, as of now, the recycling center only stays at the differential pricing of wasted products when pricing the transfer price. Therefore, we recommend that recycling centers can differentiate pricing for different regional developments. (2) We propose three pricing strategies for the recycling center to maximize their benefits after introducing the online channel. After numerical verification, we found that S3 always yielded the maximum benefit. However, at the beginning of the introduction of online channels, we recommend that the recycling center choose S1 as it must consider the stability of the entire supply chain. (3) The increase of consumer awareness of sustainability or the reduction of online logistic costs can help increase the revenue of the recycling centers. Therefore, we recommend that recycling centers strengthen the promotion of online recycling, resource conservation, and sustainable development to consumers. We know that there are still many recycling companies that believe that sustainable development is the responsibility of the government. In addition, actively developing the logistics industry and improving the logistics level are also effective ways for the recycling center to increase revenue. (4) Regardless of whether the recycling center chooses S1 or S3, when the city's consumer awareness of sustainability increases or the online logistics costs decrease, the city's TPR revenue will decrease. We first suggest that the TPR should observe changes in the local environment, consumer awareness, and policies in a timely manner and change the pricing strategy accordingly. In addition, we also recommend that the TPR actively cooperates with recycling centers and transforms them into sustainable enterprises. This will not only contribute to environmental protection and resource conservation, but will also help the TPR to continue its long-term business in the future. (5) When introducing online recycling channels, we found that when the sustainable logistic costs and consumer's sustainable awareness change, it will not only affect the pricing strategy and benefits of the local TPR and recycling center, but will also affect the TPR of another city. It is very interesting to find that as the phenomenon of sustainability awareness of consumers increases, and the recycling center adopts S1, the revenue of TPR in another city will actually increase. Although in the other cases the TPR's revenue decreased or remained constant, we still suggest that it is important for the TPR not only to deal with relationships upstream and downstream between the recycling center and consumers in the supply chain, but to also observe the changes in different regional markets, as a timely response can help them to obtain more profit or escape the danger of acting too late In addition, we also advise that although many local conditions have not changed for the time being, they should also make a transition to a sustainable recycling company as soon as possible to achieve longer-term development.
Comparison with Previous Studies
Through the above analysis, we have made some interesting and new findings that are different from earlier studies. First of all, our research shows that regional differences have important impacts on the optimal decision making of recycling enterprises in the dual-channel reverse supply chain. However, most of the previous studies have been directed at manufacturers and retailers in the forward supply chain. Therefore, this study has contributed to enriching the research of the reverse supply chain. In addition, through numerical examples, we also find that when regional factors change in one region, not only will the decision of the recycling center and the local TPR be affected, but also the decision of the TPR in the other region. More specifically, when a region's consumer awareness of sustainability increases or the cost of online logistics decreases, the profit of the recycling center will continue to rise. Interestingly, the income of the TPR in this area does not always decrease as these two factors change, but in some cases it will continue to increase or have a stable fluctuation depending on the decision of the recycling center. However, in previous related studies, changes in corporate earnings tend to follow the same trend. Our research not only focuses on the new regional differences of consumers' sustainability awareness and online recycling logistics costs, but also explores the different influence patterns from the forward supply chain on pricing decisions. What is even more surprising to us is that the impact of the two factors on the income of TPR of another city is also irregular. We also obtain the adjustment plan for the pricing strategies of the recycling center and two TPRs under different circumstances. More specifically, the TPR needs to raise the recycling price when its region's consumer awareness increases, and the recycling center and another TPR need to reduce the recycling price. When the region's logistics cost is reduced, the recycling center and two TPRs all need to raise the recycling price. Therefore, compared to the relevant conclusions in the past related forward supply chain and the traditional reverse supply chain, the decision strategy and the change trend of the recycling enterprises' revenue in our study are completely different because of the different research framework in the dual-channel reverse supply chain. Furthermore, our study can also improve the management of recycling enterprises.
Future Directions
We now discuss the limitations of this study and the direction to be extended in future research. First of all, we assumed that the number function of used products was linear. Although most of the related articles used a linear function to describe this, it is still not accurate enough to describe its change rule. In particular, many examples listed in our research were WEEE, that is, products of a short life cycle, whose change function is particularly difficult to predict. In addition, in this paper, we only studied the problem in the framework of a reverse supply chain; in future, if the Internet can also be applied to the field of remanufacturing, then the research can be extended to the closed-loop supply chain. Finally, in addition to the logistics costs and the consumer's sustainable awareness, there are other factors such as the cost of human resources, rules and regulations that can affect pricing strategy. In future, scholars can pursue further studies in this direction.
Then, to solve the second order partial derivatives of ∏ i to p i , we can get ∂ 2 ∏ i ∂p i 2 = −2β i ; due to β i 0, therefore ∂ 2 ∏ i ∂p i 2 ≺ 0; So the objective function ∏ i is always concave with p i . This ends the proof.
Proof of Property 2. First to solve the first order partial derivatives of ∏m to w, we can get:
Then, to solve the second order partial derivatives of ∏m to w, we can get:
So the objective function ∏m is always concave with w. This ends the proof.
Proof of Property 3.
First to solve the first order partial derivatives of ∏m to w i , we can get:
So the objective function ∏m is always concave with w i . This ends the proof.
Proof of Property 4.
We assume that the benefits of the differential pricing for the recycling center are:
Assuming that the benefits of the unified pricing strategy adopted by the recycling center are:
Therefore, for the recycling center, the benefits brought by the differential pricing strategy are always higher than the unified pricing strategy. This ends the proof. And then to solve the second partial derivatives of ∏ i to p i , we can get ∂ 2 ∏ i /∂p i 2 = −2β i ; due to β i 0, we can get ∂ 2 ∏ i /∂p i 2 ≺ 0. Therefore, the objective function ∏ i is always concave with pi. This ends the proof.
